Introduction: Pediatric tracheotomy indications and outcomes have changed over the last decades. More tracheotomies have been performed in the first year of life than in any other pediatric age group. Information on decannulation for this group is scarce in the literature. Objective: To characterize indications, outcomes, and decannulation rates in children under one year of age who have been tracheotomized at a Portuguese tertiary hospital over a 15-year period. Materials and Methods: Data was obtained from 16 newborns and infants and analyzed with respect to age, gender, primary diagnosis, indication for tracheotomy, complications, mortality, and time to decannulation. Results: Tracheotomy was required following prolonged positive pressure ventilation in 62.5% of patients and for upper airway obstruction in 37.5%. Congenital disorders were diagnosed in 87.5% of patients. Tracheotomy complications were observed in 56.3% of patients with accidental decannulation rate of 25%. The observed mortality rate was 44% at the median age of 13.7 months. Decannulation was performed successfully after tracheotomy in 25% of surviving patients (mean age of 25.5 months). Congenital anomalies were present in almost all cases and were correlated with higher complication and mortality rates, which reflects and precludes decannulation in those patients. Conclusion: Tracheotomy decannulation after clinical evaluation and serial airway endoscopies in children tracheotomized before one year old is a very safe, controllable procedure. It is more feasible in upper airways disorders, with a 50% successful decannulation rate, two years post-operatively.
Introduction
The first successful pediatric tracheotomy was performed by Nicholas Habicot in 1620, in France, on a 14-year-old boy who had swallowed a bag of gold coins. In 1825, Bretonneau exerted an influence over the history of this approach when his practice saved a 5-year-old girl with diphtheria, thus increasing the popularity of tracheotomy. In 1833, Trousseau employed this technique in order to treat 50 patients with diphtheria-associated dyspnea, and tracheotomy became a more routine procedure 1 .
During the 1970s and 1980s, the most common indication for tracheotomy was acute inflammatory airway obstructions, such as diphtheria, croup and epiglottitis 2 . Modern techniques in neonatal and intensive care units, as well as vaccines against H. influenzae and C. diphtheria, have turned prolonged ventilation followed by airway obstruction into the most common indications for pediatric tracheotomy 3 . Furthermore, recent studies suggest a reversal
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Tracheotomy decannulation in children under one year of age back to upper airway obstruction (UAO) as the most common indication for pediatric tracheotomy 4, 5 .
Children, particularly newborns, are extremely vulnerable after birth and in the following days, presenting the highest concentrated lifetime risk of death. The risk increases in premature infants-particularly vulnerable to temperature variability, feeding problems, low blood sugar, infections, and breathing difficulties 6 . Therefore, performing tracheotomy in the pediatric population is technically challenging; it is associated with higher rates of morbidity and mortality compared to adults 7, 8 .
Nevertheless, age at tracheotomy has declined over the last 30 years-most procedures are presently done in children in their first year of life. There is scarce reference in the literature about tracheotomies in children under one year of age, and pediatric decannulation has not been reported in the last 20 years. Therefore, the aim of this study was to characterize indications, outcomes, and decannulation rates in children under one-year-old who have been tracheotomized at a Portuguese tertiary hospital over a period of 15 years. Patients under one-year old were selected and analyzed with respect to age, gender, date of tracheostomy, indications to tracheotomy, primary diagnoses, complications, decannulation rate, and mortality. Early complications were defined as those occurred intraoperatively or within 7 days postoperatively. Late complications included those experienced after the first week following surgery.
Methods

Results
Sixteen patients under one-year-old were selected for the study, where ten were male (62.5%), and six were female (37.5%). The median age of patients at the time of tracheotomy was 3.5 months, ranging from 14 days to 11.5 months.
Tracheotomy was required for prolonged positive pressure ventilation (PPPV) in 62.5% (10/16) of patients, and for UAO, in 37.5% (6/16). Congenital disorders were diagnosed in 87.5% of cases (14/16) ( Table 1) .
Mortality rate was 44% (7/16) at a median age of 13.7 months (between 3 and 29 months). Only one child died from a tracheotomy-related complication. Decannulation was performed successfully in 25% (4/16) of patients at a mean age of 25.5 months following tracheotomy, and a mean age of 26.5 months at the time of decannulation.
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Discussion
Decisions about tracheotomy in neonates and young infants require careful consideration of several aspects, including mortality, potential morbidities, prospects, alternatives, and the impact of tracheotomy on the family.
Tracheotomy in children under one-year-old range from 23-75% 2, 7, [9] [10] [11] [12] [13] [14] [15] [16] . Our study observed results similar to the reviewed literature, with 73% (16/22) of children tracheotomized under one year old.
The main indication for tracheotomy was the need for prolonged ventilation, notably in children born prematurely (56.3% of the sample) who have developed bronchopulmonary dysplasia. Ninety per cent (9/10) of patients in the PPPV group and 83% (5/6) of patients in the UAO group presented congenital disorders. Only two children (12.5%) were considered to have an acquired disease: one case of pneumonia with sepsis and a second one with laryngeal papillomatosis. Over the last decades, advances in vaccination and antibiotics, as well as improvements in surgical management and intensive care units, have contributed to increase survival of neonates and premature infants, including those with congenital anomalies who may not have survived in the past and now receive tracheotomies earlier 10 . Our results corroborate the evidence that the number of premature children with severe congenital anomalies are high and that infection is no longer a notable indication for tracheotomy.
Regional differences also affect which tracheotomy indications are most prevalent. In papers from France (1996 to 2001) 16 , Spain (1999 to 2008) 15 , Portugal (1995 to 2005) 13 , Singapore (1991 to 2001) 8 , and Turkey (2007 a 2010) 2 , most procedures have also been performed for ventilator dependency. 11 , UAO was the most common indication, showing a reversal back to UAO as the most common indication, most often due to congenital/syndromic conditions. All of them included children above one-year-old, which hinders comparison of results.
Granulation tissue at the stoma or in the trachea is the most common pediatric tracheotomy-related complication, occurring in 18-80% of patients 2, 3, 5, [9] [10] [11] 14, 17, 18 . The presence of granulation tissue is so recurrent that some authors do not even classify it as a complication-unless it compromises the airway-and refer it as sequelae/routine findings, due to the absence of a proven technique capable of preventing this occurrence 19 . We considered all granulomas. These can be removed endoscopically; however, we routinely remove them in the operation room after sedating the child. Granulation tissue occurred in 12.5% of cases, having been the second most common complication in our serie (Table 2. ). The most common complication was accidental decannulation, in 25% of patients, compared to 0.7-18% of cases in the reviewed articles 3, 10, 11, 20 . Two occurred in hospital in the first week following the procedure, whereas the other took place at the patient's home. Other complications commonly reported, such as emphysema, pneumothorax, severe hemorrhage, and obstructive plugs, have not been recorded 3, 10, 18 . According to the literature and considering all infants and children having undergone tracheotomies, mortality is about 12-20%; only 10-25% of those died from complications related to the tracheotomy. Overall mortality usually increases to 6-32% when infants under one year of age are considered alone 17, 18 . Mortality after tracheotomy depends on initial indication, progression of underlying condition, and associated comorbidities. Mortality is lower in potentially reversible conditions, such as airway obstruction, and higher in neurologic impairment, congenital heart disease, and genetic syndromes. The survival rate of children with bronchopulmonary dysplasia who required tracheotomy is around 80-90%, compared to 50-70% for those undergoing tracheotomy following congenital heart disease 17 . Twenty-five per cent of the children (4/16) presented very low birth weight (<1500g) and extremely 
Stromal granulation 2
Tracheocutaneous fistula 1
Tracheal granuloma 1
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Tracheotomy decannulation in children under one year of age low birth weight (<1000g), which are associated with increased risk of death, growth retardation, and delayed neurodevelopment 21 . Multiple severe comorbidities in children with debilitating and low birth weight illnesses led to a high overall mortality rate: 44% in our study. Only one child (6%) died of a tracheotomy-related complication after accidental decannulation at home. All other patients died from disease-related progression or complications. Among the seven children who died, 86% required tracheotomy for prolonged intubation. In addition, six patients presented bronchopulmonary disease associated with cardiac malformations, neurologic disease or multicore myopathy; one child presented a Pierre Robin malformation associated with cardiac malformation.
Children can undergo ward decannulation satisfactorily by progressively downsizing, blocking, and finally removing the tube; alternatively, they can be decannulated in the operating room under meticulous observation. Decannulation rates in children who have undergone tracheotomy before one year of age range from 30 to 75%, with a median interval of 22-48 months 17 . In cases where airway obstruction was the original indication for tracheostomy, the child is considered ready for decannulation if the original obstruction has been surgically corrected or if the natural airway has become adequate over time. The great number of patients in the prolonged intubation group, the severity of the primary disease with multiple comorbidities, and the elevated mortality were associated with our lower decannulation rates: 25%.
Children were submitted to serial endoscopy of the airway before decannulation was attempted. Intraluminal suprastomal granuloma in the anterior wall were excised; cases of subglottic stenosis, corrected; and the opening in trachea and skin, closed. Because of the smaller lumen, underdeveloped inspiratory muscles, increment of dead space, and increased proportional oxygen requirements of children compared to adults, a relatively small tracheal luminal reduction may be highly significant and preclude decannulation. Decannulation success has been associated with age at tracheotomy 22 . Our personal experience reflects this data, and our team tries to perform decannulation only when it seems more probable. This may lead to a prolonged time to decannulation with the associated morbidity; however, decannulation panic has not been a problem among us.
We have only observed successful decannulations in the UAO group: two Pierre Robin malformations, one craniofacial dysmorphism, and one laryngeal papillomatosis. The Pierre-Robin children presented the lowest decannulation time: an average of 6.9 months, and average age of 12.5 months; the decannulation occurred after surgical correction of the cleft palate. The children with craniofacial dysmorphism presented the longest time with tracheotomy; they have been decannulated 63 months after tracheotomy at 66 months of age and following surgical mandibular correction. The children with papillomatosis also presented tracheolaryngomalacia-which precludes earlier decannulation even after laryngeal permeabilization surgery-having only been decannulated 25 months after tracheotomy.
During decannulation follow-up, it is normal to observe a tracheal collapse due to weakening of the cartilage in the tracheotomy region. Although a small stridor is observed for a few days or weeks afterwards, this has not 6/8
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Tracheotomy decannulation in children under one year of age been a problem in our series. We recommend surgically closing the trachea fistula at decannulation in order to attain a better laminar flow in the airways. Rogers et al. recommended the same after prolonged tracheotomy 23 . Some papers describe the use of nasotracheal intubation following decannulation 23 . It allows the child to become accustomed to increased airway resistance prior to definite decannulation. We haven't had such cases. On the other hand, this study presents the limitations usually found in retrospective studies, including the lack of standardized tracheotomy indication and procedures, and perioperative care. Although the study's sample includes only 16 patients, it is the largest sample of the last 20 years addressing the decannulation issue; nevertheless, it is very small. We suggest that a multi-center study be carried out. The varying classifications for indications, as well as the inclusion of children above one year old in most of the papers on pediatric tracheotomy, further encumbers comparisons.
Conclusions
The most common indication for pediatric tracheotomy in children under one-year-old was prolonged intubation, particularly due to bronchopulmonary disease. Congenital anomalies were present in most of the cases in both the PPPV ventilation group and the UAO group. Mortality was high and related to disease progression or complications, reflecting the severity of the primary disease and precluding decannulation in most of the patients. Pediatric tracheotomy is a relatively safe procedure associated with a low incidence of procedure-related mortality.
Tracheotomy decannulation after clinical evaluation and serial airway endoscopies in children tracheotomized before one year of age is a very safe, controllable procedure. It is more feasible in upper airways disorders with a successful decannulation rate of 50% two years post-operatively.
